Abstract-This paper presents the first year (2014) performance analysis of a 276 kWp grid-connected roof-type solar PV plant located at the campus of Al-Ahliyya Amman University in Jordan, using monitored data. The plant is installed on 3000 m2-roof of Arena building at the University campus. The array consists of 1176 modules with two orientations 10° and 15°. The PV array is configured in a way that the system includes 14 panels in parallel with 14 inverters. The plant is equipped with a monitoring system which is connected to the internet and gives the data on a daily basis. The study shows that the actual and estimated specific energy productions are 1639kWh/kWp-year, and 1726 kWh/kWp-year, respectively. The annual capacity factor and performance ratio are found to be 18.7% and 87.5%, respectively. The actual energy production is found to be 452406 kWh/year, whereas the estimated annual energy production is found to be 476467 kWh as calculated using the software PVsyst V6.32. The measured and estimated yields are in close agreement to each other with a relative error of about 5%. It is found that the maximum actual yields in July and minimum in January. Compared to PV plants worldwide, and particularly in detail to a PV plant in Syria, the analysed plant (the AAU plant) has an excellent overall performance.
Introduction
Al-Ahliyya Amman University (AAU) was established in 1990 as the first private university in Jordan. The University consists mainly of 7 Buildings, 5 Female Dormitories and the Cultural Foundation Forums (ARENA); the total built up area of university campus is 72,868 m 2 . The average specific electrical energy consumption of the university is about 4.5 kWh/m 2 monthly. The annual electricity consumption is about 4 GWh [1] . The electrical usage breakdown is shown in " Figure 1 ".
To reduce the electricity bill, the AAU decided to install a solar PV plant with a capacity of 276 kWp on the roof of Arena building which has an area of 3000 m 2 " Figure 2 ". Following the design stage, and after receiving the approval, the installation of the System took about 10 days. After installing the system it was inspected by JEPCO (The Jordanian Electric Power Company) who released the necessary approvals to connect the system to the grid. This paper presents the measured system data for the year 2014 and the performance analysis of these data. The objective of this analysis is to show if this project is promising and encouraging to determine whether the university would install more PV plants. Moreover, a comparison of the plant behaviour with other plants in the region and worldwide was performed. We have used the software PVsyst V6.32 for calculating the estimated parameters of the installed system and compared them with the actual parameters [2] .
Technical Description of the System
The PV system is located in As-Sarw region (between Amman and As-salt city), Jordan with a Latitude of +32.05 (32°03'00"N); and Longitude of +35.72 (35°43'12"E). The used module is ET-P660235WW/ ET-P660235WB with its data shown in " Table 2 ". The array orientation is fixed as two orientations, vis. Mixed Tilt/Azimuth of 15°/0° and 10°/0°. The plant is equipped with a monitoring system which is connected to the internet and gives the data on a daily basis which can be followed in a website [3]. 
Actual and Estimated Energy Production
According to the monitored data of the plant form January, 1 st to December, 31 st , 2014, the actual energy production was 452,506 kWh/year with a specific final yield (Yf) of 1639 kWh/kWp. The minimum value of 16,898 kWh was in January, whereas the highest value of 55,821 kWh was in July as shown in " Figure 4 ". The PV plant is simulated by the program PVsyst V6.32. The simulation results show that the expected energy fed into grid is found to be 476,467 with a specific final yield of 1726 kWh/kWp, which indicates a good agreement with the measured value with a relative deviation of about 5%. It is obvious from " The measurement and estimation (simulation) of photovoltaic energy production is a fundamental issue in PV system engineering. Measurement and monitoring is generally simpler than estimation which is dependent upon weather. Monitoring and estimation of PV can be used for various purposes including, financial analysis. Whatever the goal, the processes and methods are critical to the technical and financial viability of PV technology and its integration into the utility grid. Simulation of PV systems differs from monitoring. The input may be either measured or calculated. The output is not measured but calculated. Simulation is a two part process entailing use of a set of input parameters and a model or transfer function of the physical plant used to calculate performance of a PV system [4] .
Performance Ratio

Definition
One of the key evaluation criteria of the PV system is the Performance ratio (PR) of a grid-connected PV plant. PR is an indicator of the effectiveness of the plant in transforming the solar energy captured by PV array into AC energy delivered to utility grid. PR is defined for a period of time (usually a month or a year) as the ratio of the measured generated AC energy fed into the point of common coupling (PCC) to the potential array output DC energy under Standard Test Conditions (STC). The calculation of annual and monthly PR% can be performed by "Eq. (1)" and "Eq. (2)", respectively [5, 6, 7, 8] The plant annual PR is calculated using "Eq. (1) In modern solar PV plants, the performance ratio should typically be about 80% at starting year. According to the National Renewable Energy Laboratory (NREL), the standard performance ratio for a new PV system is about 77%, and over time, PR will degrade [9] . So, the PR value of over 87 % for the new university PV system shows an excellent quality of the system. The PR value indeed evaluates the total losses of the system which are less than 13% for our system. These losses account for mismatched modules, differences in ambient conditions, dirty collectors, inverter efficiency, wiring losses, system availability, diodes and connections … etc. The results are shown graphically in " Figure 6 ". It is obvious from " Fig. 6 " that PR is minimum for January (62.45%), maximum for December (98.40%), and over 90% over 6 months. The performance ratio for the whole year is found to be 87.544% as calculated above.
Performance ratio Levels worldwide [10]
Many studies have been conducted [11,12.13,14] to analyze the performance of PV systems installed in different countries for different times. It has been observed an increasing trend of the annual PR values has been observed over the years as shown in " Table 3 
Capacity Factor
Definition
The other key parameter for evaluating PV plants is the capacity factor (CF). CF of a power plant is the ratio of its actual generated energy over a period of time, to its potential output if it were possible for it to operate at full nameplate capacity. The main difference between PR and CF is that CF ignores the environmental conditions affecting the plant, while PR accounts for these conditions. Capacity factor may be, however, a value which serves as comparison criterion for evaluating power stations with different fuels. Renewable Power plants and/or conventional power plants of high fuel 
Calculation of AAU plant Capacity Factor
The annual capacity factor of AAU plant is calculated using "Eq. Monthly CFs are calculated and represented graphically in " Figure 7 ", which shows that CF is minimum in January (8.23%) and maximum in July (27.18%). The average CF the entire year is 18.7%. [17] . Compared to these CF values in some countries, our plant has a very high capacity factor, which again indicates an excellent performance.
The main reason of the very high CF value is the very high insolation in Jordan, which is about 2-times that in European countries, for example. The insolation value effects the numerator of CF relationship (Actual Yield).
Effect of Ambient Temperature on Power Output of Array and Inverter
Cell temperature changes not only because variation of ambient temperatures, but also due to insolation change on the cells. Manufacturers often provide a parameter called nominal operating cell temperature (NOCT), which can be used for considering the changes in cell performance with temperature. The NOCT is cell temperature in a module under the following conditions: Ambient temperature 20•C, Solar irradiance 0.8 kW/m 2 and Wind speed 1 m/s. To account for other ambient conditions, the following expression may be used [18] :
where Tcell is cell temperature (°C), Tamb is ambient temperature (°C), and S is actual solar irradiance (kW/m 2 ).
The approximate calculation of Power Output of Array (PDC) and Power Output of inverters (PAC) can be carried out as follows: The results are shown in " Fig. 8 ". As can be seen in " Fig. 8 ", when cells heat up and consequently cell temperature increases, both maximum DC power available and AC output power decrease. The minimum value takes place in August with 14.5% less than rated power, and the maximum one is found to be in January with 6.4% rated power drop. Given this significant variation in performance as cell temperature changes, it should be quite apparent that temperature needs to be included in any estimate of array performance.
AAU PV Plant Versus a Syrian PV Plant
To compare the quality of our plant with PV plants in the region, a grid-connected PV system in Syria is briefly analyzed and compared to AAU PV plant. The considered Syrian PV plant is a grid-connected plant operating since November, 9, 2010. It is installed in Damascus on the roof of one of the Electricity Ministry buildings. The PV array consists of 45 modules with a rated power of 90 W each. The module made in Syria has an efficiency of 13.56% and 36 cells connected in series. The cell area is 156.25 cm 2 . The array orientation is fixed at a tilt angle of 35°. Based on measured solar insolation on horizontal surface in Damascus [19] , the monthly values on tilted collector are computed and represented in " Figure 9 " with the insolation in Amman as well. The yearly average insolation in Damascus is 5.56 kWh/m 2 .day, whereas the figure is 5.71 in Amman.
According to the measured data of the Syrian PV plant [20] , the energy production in 2013 (the third year of operation) is 6177 kWh and the specific yield is 1525 kWh/kWp which is less than the specific yield of our Jordanian plant by about 7%. The lowest specific yield is found to be in January (92.59 kWh/kWp) while the highest value is in May (150.12 kWh/kWp). The specific yield of the Syrian plant exceeds that of Jordanian plant in November and winter months as shown in " Figure 10 ". This result is due to the higher array tilt angle (35°) of the Syrian plant relative to 10°-15° of the Jordanian plant. The annual performance ratio of Syrian plant is 88.2%, which is a little greater than PR of Jordanian plant (87.5%). It is calculated using "Eq. The capacity factor of The Syrian plant is 17.4%, which is less than CF of the Jordanian plant by about 7%. It is calculated using "Eq. The comparison results are summarized in " Table 5 " 
Conclusions
The performance analysis of the 276 kWp grid-connected PV plant at AAU in Jordan is carried out in terms of main performance criteria such as specific final yield (Yf), performance ratio (PR%), and capacity factor (CF%). The values of Yf, PR, and CF are found to be 1639 kWh/kWp, 87.5%, and 18.7%, respectively. The Plant is simulated using the program PVsyst V6.32. The estimated energy injected into grid is found to be in good agreement with the actual energy production with a relative deviation of about 5%. Comparison of these values with evaluation parameters of reported PV plants in some countries, reveals that our plant is one of the best ones. A relatively extended comparison is conducted with a grid-connected PV plant in the region (Syria), which is briefly analyzed, shows that performance of both plants are approximately similar. Thus, the overall performance of AAU PV plant is found to be excellent during the first year of operation, and the studied PV system demonstrates a successful project in Jordan and in the region, what it helps to install more plants at the university and elsewhere.
